INTRODUCTION
Shellfi sh contain various carotenoids that possess structural diversity 1 4 . The principal carotenoids found in marine shellfish include mytiloxanthin and isomytiloxanthin from Mytilus edulis 5 7 ; diatoxanthin, alloxanthin, and pectinols A and B from Mytilus coruscus 8 ;
crassostreaxanthins A and B from Crassostrea gigas 9, 10 ; fucoxanthin and fucoxanthinol esters from Mactra chinensis 11 , Ruditapes philippinarum, and Meretrix petechia 12 ; amarouciaxanthin A esters from Paphia amabillis 13 ; and a series of carotenoids with a 5,6-dihydro-β-end group from Fushinus perplexus 14 . However, there are few reports on the content of carotenoids in freshwater shellfi sh, and only the carotenoids of the corbicula clams Corbicula sandai and the Chinese corbicula clam have been investigated by modern spectroscopic methods 15 .
A number of studies have compared the biochemical properties of carotenoids in shellfi sh 8 15 . In particular, the carotenoids of 4 species of edible freshwater shellfi sh have been investigated, comprising 2 species of bivalve, Unio douglasiae nipponensis Ishigai in Japanese; Unionidae and Anodonta lauta Numagai in Japanese; Unionidae , and 2 species of snail, Cipangopaludina chinensis laeta Marutanishi in Japanese; Pleuroceridae and Semisulcospira libertina Kawanina in Japanese; Viviparidae .
In the present study, we describe the content, composition, and identity of carotenoids found in these 4 species of freshwater shellfi sh. Furthermore, the origin and metabolism of carotenoids in the freshwater shellfish are discussed.
EXPERIMENTAL PROCEDURES

Apparatus
The UV-visible UV-VIS spectra were recorded with a Hitachi U-2001 spectrophotometer in diethyl ether Et 2 O . The positive-ion FAB-MS spectra were recorded using a JEOL JMS-HX 110A mass spectrometer with m-nitrobenzyl alcohol as a matrix. The 1 H-NMR 500 MHz spectra were 2.2 Animal materials U. douglasiae nipponensis 2000 g; 230 specimens grown in Lake Biwa were purchased from a fi sh market in Otsu City, Shiga prefecture, Japan, in July 2010. A. lauta 1,200 g; 8 specimens , S. libertina 45 g; 50 specimens , and C. chinensis laeta 60 g; 20 specimens were collected from a pond and river in Nara City, Nara prefecture, Japan, during May-July 2010 and 2011.
Extraction and isolation of carotenoids
The extraction and isolation of carotenoids was carried out according to our previously published methods 8 15 .
Carotenoids were extracted with acetone from the edible parts of U. douglasiae nipponensis 540 g , A. lauta 590 g , S. libertina 30 g , and C. chinensis laeta 30 g . Each acetone extract was partitioned between Et 2 O and aqueous NaCl. The organic layer was dried over Na 2 SO 4 and subsequently concentrated to dryness and subjected to silica gel column chromatography 300 10 mm and preparative HPLC. The procedures for isolation and identification of carotenoids were carried out according to our previously published methods 8 15 .
Individual carotenoids were identified by UV-Vis and FAB MS data and compared with standard samples by HPLC. In addition, the structural features of carotenoids were further characterized by 1 H-NMR and CD spectral data 8 15 .
Quantifi cation of carotenoids
The total carotenoid content and the amount of carotenoids eluted by column chromatography were calculated using the extinction coeffi cient, E 2,500 at λmax 450 nm or E 1,600 in the case of fucoxanthin derivatives 16 .
For HPLC analysis, the relative amounts of individual carotenoids were estimated from the peak area detected at 450 nm. 
Identifi cation of carotenoids
Carotenoids in Cipangopaludina chinensis laeta
Identifi cation of β-carotene, α-carotene, lutein, echinenone, and canthaxanthin were described above. 
RESULTS AND DISCUSSION
Carotenoids in U. douglasiae nipponensis and A.
lauta In general, since animals cannot synthesize carotenoids de novo, those found in animals are derived either directly from food or from partial modification of ingested carotenoids via metabolic reactions. Thus, the carotenoids found in animals provide an insight into both the food chain and metabolic pathways 1 4 . Bivalves are fi lter feeders that accumulate carotenoids obtained from their diet of microalgae and modify carotenoids through metabolic reactions 1 4 . The carotenoid content and composition of 2 species of freshwater bivalve that belong to the Unionidae family, U. douglasiae nipponensis and A. lauta, are shown in Table 1 .
The carotenoid composition of these 2 species was similar, and diatoxanthin 3 and fucoxanthin 7 were identifi ed as the major carotenoids in both bivalves. Furthermore, halocynthiaxanthin 3 -acetate 6 , diatoxanthin 3,6-epoxide 4 , alloxanthin 5 , pectenol A 9 , zeaxanthin 2 , and β-carotene 1 were also identifi ed Fig. 1 . In particular, diatoxanthin 3 and fucoxanthin 7 are major characteristic carotenoids found in diatoms. Therefore, the carotenoid composition of the 2 bivalves indicates that their major food source consists of diatoms. Fucoxanthin was converted to halocynthiaxanthin 3 -acetate by these 2 bivalves. However, other fucoxanthin metabolites found in marine bivalves sea mussels, oysters, and clams such as mytioxanthin, crassostreaxanthin A, and amarouciaxanthin A were not identifi ed in the freshwater bivalves belonging to the Unionidae family. Diatoxanthin 3,6-epoxide and pectenol A were assumed to be metabolites of diatoxanthin 1 4 .
The carotenoid composition of the freshwater corbicula clam that inhabits Lake Biwa, Corbicula sandai, was more complex than those of the Unionidae bivalves. The major carotenoid of C. sandai was lutein, which originates from green algae. Loroxanthin a characteristic carotenoid found in green algae 18 as well as fucoxanthin, diatoxanthin, and their derivatives that originate from diatoms were also found in C. sandai 15 . These differences mainly refl ect variations in dietary algae between Unionidae and Corbicula clams.
Carotenoids in C. chinensis laeta and S. libertina
Phytoplanktons and detritus represent the major food sources of the freshwater snails C. chinensis laeta and S. libertina. The major carotenoids identifi ed in C. chinensis laeta were β-carotene, lutein, zeaxanthin, and fucoxanthin Table 2 and Fig. 2 , which comprise the major characteristic carotenoids of green algae β-carotene and lutein , cyanobacteria β-carotene and zeaxanthin , and diatoms fucoxanthin . In addition, echinenone and canthaxanthin were identifi ed as minor carotenoids in S. libertina, which In S. libertina, β-carotene, lutein, and zeaxanthin were also found as major carotenoids. Furthermore, a series of carotenoids with a 3-hydroxy-4-keto-β end group, including fritschiellaxanthin, 3S -adonirubin, 3S,3 S -astaxanthin, and 3S,3 R -adonixanthin, were also identifi ed Table  2 and Fig. 2 . It was assumed that 3S,3 S -astaxanthin is an oxidative metabolite of β-carotene through echinenone, canthaxanthin, and 3S -adonirubin. Similarly, fritschiellaxanthin and 3S,3 R -adonixanthin were assumed to be oxidative metabolites of lutein and zeaxanthin, respectively. These oxidative metabolic pathways have also been demonstrated in the marine and terrestrial snails Fushinus perplexus 19 and Pomacea canaliculata 20 , respectively.
CONCLUSION
Diatoxanthin, fucoxanthin, and their metabolites were identifi ed as major carotenoids in the freshwater bivalves U. douglasiae nipponensis and A. lauta and were assumed to originate from dietary diatoms. In contrast, β-carotene, lutein, zeaxanthin, and fucoxanthin were the major carotenoids found in the freshwater snail C. chinensis laeta. Thus, C. chinensis laeta may directly absorb carotenoids from dietary green algae, cyanobacteria, and diatoms, and accumulate carotenoids without metabolic modification. A series of keto carotenoids comprising 3S,3 S -astaxanthin, fritschiellaxanthin, and 3S,3 R -adonixanthin were identifi ed in the freshwater snail S. libertina and were assumed to represent oxidative metabolites of β-carotene, lutein, and zeaxanthin. 
